( 19 > tFW-UJAP^^E PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number 08327586 A 



(43) Date of publication of appBcation: 13.12.96 



(51) Intel G01N 27/41 
G01N 27/26 




(21) Application number. 07138244 


(71) Applicant NIPPONDENSO CO LTD 


(22) Date of filing: 05.06.95 


(72) Inventor OKAZAKI KAZUHIRO 
TAKAMI MASAYUKI 
MtZOGUCHI ASAMICHI 


(54) ABNORMALITY DIAGNOSTIC DEVICE FOR 
OXYGEN SENSOR 
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PURPOSE: To easily and accurately diagnose a limiting 
current type oxygen sensor for any abnormality by 
applying, to the oxygen sensor, a diagnostic voltage in 
a voltage range in which a positive or negative current 
flows, and comparing the detected current value with a 
predetermined criterion for failure. 

CONSTITUTION: A CPU s48a, when it is judged that a 
predetermined time has elapsed since the previous 
abnormality diagnosis, applies a negative voltage V n to 
an oxygen sensor 26 as a diagnostic voltage, and 
compares a negative sensor current l n detected by a 
sensor current detecting circuit 45 with a predetermined 
criterion l TO for abnormality (a current value within a 
predetermined range containing at least zero, e.g. 5mA) 
when ! n >l nc , it outputs an abnormality signal to an 
engine control part 49 to turn on an alarm light 29 and 
to interrupt air-fuel ratio feedback control, and when 
l n <l nc , the CPU waits for a predetermined time (e.g. 
100ms) and then compares a negative current l n at that 
time with the criterion Inc again, and when l n <l nc , it 
judges that the sensor 26 is normal, and executes 
air-fuel ratio detection, and when ^1^. it judges that 
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PURPOSE: To easily and accurately diagnose a limiting current type 
oxygen sensor for any abnormality by applying, to the oxygen sensor, a 
diagnostic voltage in a voltage range in which a positive or negative current 
flows, and comparing the detected current value with a predetermined 
criterion for failure. 

CONSTITUTION: A CPU s48a, when it is judged that a predetermined time 
has elapsed since the previous abnormality diagnosis, applies a negative 
voltage Vn to an oxygen sensor 26 as a diagnostic voltage, and compares a 
negative sensor current In detected by a sensor current detecting circuit 
45 with a predetermined criterion Inc for abnormality (a current value 
within a predetermined range containing at least zero, e.g. 5mA) when 
In>Inc, it outputs an abnormality signal to an engine control part 49 to turn 
on an alarm light 29 and to interrupt air-fuel ratio feedback control, and 
when In<Inc, the CPU waits for a predetermined time (e.g. 100ms) and then 
compares a negative current In at that time with the criterion Inc again, 
and when In<Inc, it judges that the sensor 26 is normal, and executes air- 
fuel ratio detection, and when In<Inc, it judges that the sensor 26 is 
abnormal, and outputs an abnormality signal to the control part 29. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Abnormality diagnostic equipment applied to an oxygen sensor which has a voltage-current property which 
outputs the almost fixed limiting current corresponding to an oxygen density at the time of voltage impression 
characterized by providing the following A voltage impression means to impress voltage for a diagnosis of a voltage 
field where positive current or negative current flows on the voltage-current property of said oxygen sensor An 
abnormality diagnostic means by which the oxygen sensor concerned will diagnose an unusual purport if a current value 
detected by said oxygen sensor is in predetermined current within the limits which contains "0" at least when voltage for 
a diagnosis is impressed with said voltage impression means 

[Claim 2] Said abnormality diagnostic means is the abnormality diagnostic equipment of an oxygen sensor according to 
claim 1 it is supposed that they are abnormalities, such as an open circuit, when a current value detected by said oxygen 
sensor is "0." 

[Claim 3] While leading gas of oxygen density known inside an oxygen density sensing element which was prepared in 
an exhaust pipe of car motor and formed in the shape of a cup It is applied to an oxygen sensor which leads exhaust gas 
to the outside. Said abnormality diagnostic means Abnormality diagnostic equipment of an oxygen sensor according to 
claim 1 or 2 with which the oxygen sensor concerned will diagnose an unusual purport if a current value detected by 
said oxygen sensor is in predetermined current within the limits which contains "0" at least after predetermined time 
passes since voltage impression by said voltage impression means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the abnormality diagnostic equipment applied to the oxygen sensor of a 

limiting current method. 

[0002] 

[Description of the Prior Art] In recent years, for example, car motor, the oxygen sensor of the limiting current method 
which detects an air- fuel ratio to a linear according to the oxygen density in exhaust gas is adopted, the oxygen sensor of 
this limiting current method has the voltage-current property which outputs the limiting current of about 1 law 
corresponding to an oxygen density at the time of voltage impression, and an air-fuel ratio is called for in the Air Fuel 
Ratio Control system of said car motor according to the limiting current value at that time. 

[0003] Moreover, the technology of detecting that abnormality in a sensor with a sufficient precision is demanded, and 
he changes applied voltage gradually in the flat field (limiting current region) in the voltage-current property of an 
oxygen sensor, and is trying to diagnose the deterioration condition of an oxygen sensor by JP, 1-262460, A with the 
oxygen sensor of the above-mentioned limiting current method according to the degree of lowering of the limiting 
current in that case as this kind of technology. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned official report, the abnormality is 
undetectable at the times of an abnormal occurrence from which a sensor output does not change, such as the time of an 
open circuit, for example. That is, by the diagnostic method of the above-mentioned official report, while the sensor 
output at the time of the abnormalities in an open circuit has been "0mA", when not changing, there was a possibility of 
carrying out a misjudgment law to it being normal. 

[0005] Moreover, when the sensor output (limiting current) was "0mA", judging with an open circuit being unusual was 
also considered, but since a sensor output (limiting current) was set to "OmA" with an ideal air-fuel ratio (SUTOIKI) 
even if an oxygen sensor is normal, a positive abnormality judging was not able to be performed only by judging a 
sensor output. 

[0006] This invention is made paying attention to the above-mentioned problem, and the place made into that object is 
to offer the abnormality diagnostic equipment of an oxygen sensor which can detect the abnormalities of a limiting 
current type oxygen sensor to accuracy easily. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned object, invention according to claim 1 It is the 
abnormality diagnostic equipment applied to an oxygen sensor which has a voltage-current property which outputs the 
limiting current of about 1 law corresponding to an oxygen density at the time of voltage impression. A voltage 
impression means to impress voltage for a diagnosis of a voltage field where positive current or negative current flows 
on the voltage-current property of said oxygen sensor, If a current value detected by said oxygen sensor is in 
predetermined current within the limits which contains "0" at least when voltage for a diagnosis is impressed with said 
voltage impression means, the oxygen sensor concerned makes it a summary to have an abnormality diagnostic means 
to diagnose an unusual purport. 

[0008] In invention according to claim 2, in invention according to claim 1, said abnormality diagnostic means 
presupposes that they are abnormalities, such as an open circuit, when a current value detected by said oxygen sensor is 
"0." 

[0009] While leading gas of oxygen density known inside an oxygen density sensing element which was prepared in an 
exhaust pipe of car motor and formed in the shape of a cup in invention according to claim 1 or 2 in invention according 
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to claim 3 It is applied to an oxygen sensor which leads exhaust gas to the outside. Said abnormality diagnostic means If 
a current value detected by said oxygen sensor is in predetermined current within the limits which contains "0" at least 
after predetermined time passes since voltage impression by said voltage impression means, the oxygen sensor 
concerned will diagnose an unusual purport. 
[0010] 

[Function] According to invention according to claim 1 5 a voltage impression means impresses the voltage for a 
diagnosis of the voltage field where positive current or negative current flows on the voltage-current property of an 
oxygen sensor. If the current value detected by the oxygen sensor is in predetermined current within the limits which 
contains "0" at least when an abnormality diagnostic means impresses the voltage for a diagnosis with a voltage 
impression means, the oxygen sensor concerned will diagnose an unusual purport. 

[001 1] In short, the oxygen sensor has the voltage-current property which outputs the almost fixed limiting current 
corresponding to an oxygen density at the time of voltage impression. In this case, in this voltage-current property, if it 
is an ideal air-fuel ratio in Air Fuel Ratio Control of an automobile, the limiting current will be set to "0." Moreover, in 
a hyperoxia region (Lean field), the limiting current turns into current negative in the limiting current on positive current 
in an oxygen too little region (rich field). On the other hand, if the oxygen sensor is normal, the voltage field where the 
positive current or the negative current which is not related to an oxygen density flows exists, and even if it is an ideal 
air- fuel ratio, positive or negative current will flow in this voltage field. 

[0012] Therefore, an abnormality diagnosis can be easily carried out to accuracy by setting up the voltage for a 
diagnosis in the above-mentioned voltage field, and carrying out an abnormality diagnosis according to the sensor 
current accompanying the voltage impression. An abnormality diagnosis is realized by easy processing, without needing 
other software processings etc., since the purport of abnormalities can be concluded regardless of the oxygen density at 
that time if sensor current is in predetermined within the limits containing "0" at this time. That is, although the 
processing which distinguishes what it depends on an oxygen density condition, and the thing depended unusually is 
needed when sensor current is "0" mostly, this is not needed with the above-mentioned configuration. 
[0013] According to invention according to claim 2, an abnormality diagnostic means presupposes that an open circuit 
is unusual, when the current value detected by the oxygen sensor is "0." That is, in an above-mentioned voltage field, 
since sensor current should flow, if it is sensor current =0, it can specify that an open circuit is unusual. 
[0014] In addition, sensor current = an element crack is also considered as abnormalities it is normal to 0. That is, since 
it consists of concentration cell forms, if an element (oxygen density sensing element which consists of a solid 
electrolyte) breaks, the inside and outside of an element will be open for free passage, and the concentration difference 
of gas of this kind of limiting current type oxygen sensor will be lost. Therefore, sensor current is set to "0." So, on these 
descriptions, the abnormalities in an open circuit shall mean the thing of the abnormalities from which sensor current is 
set to "0" in a wide sense, and the abnormalities in an element crack shall also be included. 
[0015] If it is in predetermined current within the limits in which the current value detected by the oxygen sensor 
contains "0" at least after predetermined time passes since voltage impression [ according to invention according to 
claim 3 ] according [ an abnormality diagnostic means ] to a voltage impression means, the oxygen sensor concerned 
will diagnose an unusual purport. That is, while forming an oxygen concentration sensing element (for example, solid 
electrolytes, such as a zirconia) in the shape of a cup and leading the gas (for example, atmospheric air) of oxygen 
concentration known to the inside, in the oxygen sensor it was made to lead into exhaust gas, the limiting current is 
detected on the outside using the internal and external oxygen ion conductivity of an oxygen concentration sensing 
element. When the path which leads inside an oxygen density sensing element (atmospheric-air room) is closed, the 
oxygen in the same room runs short and it becomes impossible however, to secure detection actuation of a normal 
oxygen density. In this case, although the sensor current in an oxygen too little region (rich field) will not flow, sensor 
current flows momentarily by the oxygen which remains inside an oxygen density sensing element (atmospheric-air 
room), therefore ~ after voltage impression and **********„ s i nce ~ performing an abnormality diagnosis - the 
above - it can be coped with also when [ like ] the symptom of abnormalities appears in time difference, and an exact 
abnormality diagnosis is attained. 
[0016] 
[Example] 

(The 1st example) The 1st example which materialized this invention with the air-fuel ratio control system of an 
automobile engine is hereafter explained according to a drawing. 

[0017] Drawing 1 is the block diagram showing the outline of an internal combustion engine's air-fuel ratio control 
system in this example. In drawing 1 , the inlet pipe 2 and the exhaust pipe 3 are connected to the 4-cylinder jump- 
spark-ignition type gasoline engine (only henceforth an engine) 1 . A surge tank 4 is formed in the middle of an inlet 
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pipe 2, and the throttle valve 5 interlocked with treading-in actuation of the accelerator pedal which is not illustrated is 
arranged in the upstream of this surge tank 4. Moreover, the injector 6 for carrying out injection supply of the fuel 
(gasoline) is arranged in the combustion chamber 7 of each cylinder by the inlet pipe (inlet port) 2 for every cylinder in 
an engine 1 . 

[0018] The ignition plug 8 is arranged in the combustion chamber 7 of each cylinder. In an ignitor 10, high tension is 
generated from the voltage of a battery 11, and the high tension is distributed to each point fire plug 8 by the distributor 
12. The crank angle sensor 21 which generates a crank angle signal for every (every [ for example, ] 30-degreeCA) 
predetermined crank angle with a revolution of the crankshaft of an engine 1 is arranged by the distributor 12. 
Moreover, the inlet-pipe internal pressure sensor 22 is formed in a surge tank 4, and inlet-pipe internal pressure 
(depression at engine manifold) is detected by this sensor 22. The coolant temperature sensor 23 for detecting the 
temperature of engine cooling water is formed in the cylinder block of an engine 1 . 

[0019] Moreover, the limiting current-type oxygen sensor 26 is formed in the exhaust pipe 3 of an engine 1, and this 
oxygen sensor 26 outputs a linear detecting signal in proportion to the oxygen density in exhaust gas. In addition, the 
catalytic converter which is not illustrated is arranged in the lower stream of a river of an oxygen sensor 26, and exhaust 
gas is purified by this converter. 

[0020] The detecting signal of each above-mentioned sensor is inputted into an electronic control (henceforth ECU) 40. 
While ECU40 operates considering a battery 1 1 as a power supply and starting an engine 1 with the ON signal of an 
ignition switch 28, feedback control of the air-fuel ratio is carried out during engine operation near the aim air-fuel ratio 
(for example, theoretical air fuel ratio) by carrying out increase and decrease of the air-fuel ratio correction factor of 
amendment based on the output signal of an oxygen sensor 26. Moreover, ECU40 performs the abnormality diagnostic 
process in a sensor mentioned later, diagnoses the existence of the abnormalities of an oxygen sensor 26, turns on an 
alarm lamp 29 at the time of abnormalities, and warns an operator of the purport of an abnormal occurrence. 
[0021] Drawing 3 is drawing showing the outline cross section of an oxygen sensor 26, and the voltage-current property 
of an oxygen sensor 26. In drawing 3 (a), the oxygen sensor 26 protrudes towards the interior of an exhaust pipe 3, and 
this sensor 26 is divided roughly into covering 3 1, the main part 32 of a sensor, and a heater 33. As for covering 3 1 , 
stoma 3 la of a large number which open the inside and outside of covering for free passage to nothing and its peripheral 
wall is formed in the shape of a cross-section KO character. The main part 32 of a sensor generates the limiting current 
corresponding to combustible-gas concentration, such as a carbon monoxide (CO) in the oxygen concentration in an air- 
fuel ratio Lean field, or an air- fuel ratio rich field. 

[0022] The configuration of the main part 32 of a sensor is explained in full detail. In the main part 32 of a sensor, to the 
outside surface of the solid electrolyte 34 formed in the shape of a cross-section cup, the exhaust gas lateral electrode 
layer 36 fixed, and the atmospheric-air lateral electrode layer 37 has fixed to the internal surface. Moreover, the 
diffused-resistor layer 35 is formed in the outside of the exhaust gas lateral electrode layer 36 by the plasma metal spray 
method etc. a solid electrolyte 34 ~ Zr02, Hf02, Th02, and Bi 203 etc. - CaO, MgO, Y2 03, and Yb 203 etc. - it 
consists of an oxygen ion conductivity oxide sintered compact made to dissolve as a stabilizer, and the diffused-resistor 
layer 35 consists of heat-resistant mineral matter, such as an alumina, MAGUNESHA, quality of a quartzite, a spinel, 
and a mullite. The exhaust gas lateral electrode layer 36 and the atmospheric-air lateral electrode layer 37 both consist 
of high noble metals of the catalytic activity of platinum etc., and are formed in the front face of a solid electrolyte 34 in 
porous chemical plating etc. In addition, the area and thickness of the exhaust gas lateral electrode layer 36 are 2 10- 
100mm. It reaches, and has become about 0.5-2.0 micrometers, and, on the other hand, the area and thickness of the 
atmospheric-air lateral electrode layer 37 are 2 10mm. They are the above and about 0.5-2.0 micrometers. A solid 
electrolyte 34 is equivalent to an oxygen density sensing element. 

[0023] The heater 33 is held in the atmospheric-air room 38 in the atmospheric-air lateral electrode layer 37, and heats 
the main part 32 (the atmospheric-air lateral electrode layer 37, a solid electrolyte 34, the exhaust gas lateral electrode 
layer 36, and diffused-resistor layer 35) of a sensor with the exoergic energy. The heater 33 has sufficient exoergic 
capacity to activate the main part 32 of a sensor. 

[0024] Moreover, some oxygen sensors 26 are exposed to the exhaust pipe 3 exterior, and the cap 39 is attached in the 
outcrop. Atmospheric-air installation hole 39a for introducing atmospheric air into the atmospheric-air room 38 is 
formed in the cap 39. 

[0025] In the oxygen sensor 26 of the above-mentioned configuration, the main part 32 of a sensor generates shade 
electromotive force at a theoretical-air-fuel-ratio point, and generates the limiting current according to the oxygen 
density (flow of the oxygen ion in a solid electrolyte 34) of the Lean field from a theoretical-air-fuel-ratio point. In this 
case, the limiting current corresponding to an oxygen density is determined by the area of the exhaust gas lateral 
electrode layer 36, the thickness of the diffused-resistor layer 35, porosity, and the average aperture. Moreover, although 
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the main part 32 of a sensor can detect an oxygen density in a linear property, since the activity temperature requirement 
of this main part 32 of a sensor is narrow, it cannot control an active region by heating only by the exhaust gas of an 
engine 1, while elevated temperature about 650 degrees C or more is needed for activating this main part 32 of a sensor. 
Therefore, temperature control of the main part 32 of a sensor is carried out by heating control of a heater 33. In 
addition, rather than theoretical air fuel ratio, in the field by the side of rich, the concentration of the carbon monoxide 
(CO) which is unburned gas changes to a linear mostly to an air-fuel ratio, and the main part 32 of a sensor generates the 
limiting current according to CO concentration. 

[0026] Moreover, as shown in drawing 3 (b), the voltage-current property of an oxygen sensor 26 shows that the relation 
between the inrush current to the solid electrolyte 34 of the main part 32 of a sensor proportional to the detection oxygen 
density (air-fuel ratio) of the oxygen sensor 26 concerned and the applied voltage to this solid electrolyte 34 is linear. 
And when the main part 32 of a sensor is in an active state, the condition that it was stabilized that it is also with the 
ultimate lines LI of a graphic display is shown. In this case, the amount of bay parallel to the voltage shaft V of ultimate 
lines LI specifies the limiting current of the main part 32 of a sensor. The change in this limiting current supports the 
change in an air- fuel ratio (namely, Lean Rich), the limiting current increases, so that an air-fuel ratio is on the Lean 
side, and the limiting current decreases, so that an air-fuel ratio is on a rich side. 

[0027] Moreover, in this voltage-current property, the voltage region smaller than a part for a bay parallel to the voltage 
shaft V is a resistance control region, and the inclination of the ultimate lines LI in that resistance control region is 
specified with the internal resistance of the solid electrolyte 34 in the main part 32 of a sensor. Since this internal 
resistance changes in connection with a temperature change, if the temperature of the main part 32 of a sensor falls, the 
above-mentioned inclination will become small according to buildup of internal resistance. In addition, in this drawing, 
when an air-fuel ratio is an ideal air-fuel ratio (SUTOIKI), sensor current (limiting current) is set to "0." The ultimate 
lines LI in a resistance control region are slightly shifted to the positive voltage side with the electromotive force of an 
oxygen sensor 26. 

[0028] And in ultimate lines LI, if applied voltage Va is impressed to the solid electrolyte 34 of the main part 32 of a 
sensor, the limiting current value la corresponding to the air-fuel ratio at that time will be detected. In this case, 
whenever an engine 1 is the so-called "lean burn engine" which uses only the Lean field of an air-fuel ratio, the limiting 
current will serve as a positive current value. Moreover, in the above-mentioned lean burn engine, the negative sensor 
current In to which the current which flows on the main part 32 of a sensor is not dependent on an oxygen density, and 
is proportional only to temperature is detected by impressing the negative applied voltage Vn to the solid electrolyte 34 
of the main part 32 of a sensor. However, when detecting the air- fuel ratio of a rich field, the negative limiting current 
according to the rich air-fuel ratio will be detected by impressing the applied voltage of a negative side (or positive 
side). 

[0029] On the other hand, in drawin g 3 (b), voltage VI is voltage smaller than the minimum of the limiting current 
region (flat region which was in agreement with V shaft) in an ideal air-fuel ratio (about 14.7), and no matter the voltage 
field not more than voltage VI (field shown by A 1 of drawing) may be what air- fuel ratio, it corresponds the field where 
sensor current serves as a negative current value. Moreover, voltage V2 is bigger voltage than the maximum of the 
limiting current region in an ideal air-fuel ratio, and no matter the voltage field beyond voltage V2 (field shown by A2 
of drawing) may be what air-fuel ratio, it corresponds the field where sensor current serves as a positive current value. 
[0030] Drawin g 2 is drawing showing the electric configuration of ECU40 (however, the cap 39 of an oxygen sensor 26 
is omitted and shown). In drawing 2 , the bias control circuit 41 is connected to the exhaust gas lateral electrode layer 36 
of the main part 32 of a sensor, and the atmospheric-air lateral electrode layer 37 of the main part 32 of a sensor is 
connected to it through the sensor current detector 45 in this bias control circuit 41. The bias control circuit 41 is 
constituted by DC power supply 42 for positive bias, DC power supply 43 for negative bias, and the transfer-switch 
circuit 44. Both the negative side electrode of DC power supply 42 for positive bias and the positive lateral electrode of 
DC power supply 43 for negative bias are connected to the exhaust gas lateral electrode layer 36. 
[0031] The transfer-switch circuit 44 connects only the negative side electrode of DC power supply 43 for negative bias 
to the sensor current detector 45 in the state of the 2nd switch while connecting only the positive lateral electrode of DC 
power supply 42 for positive bias to the sensor current detector 45 in the state of the 1st switch. That is, when the 
transfer-switch circuit 44 is in the 1st switch condition, DC power supply 42 for positive bias carry out positive bias of 
the solid electrolyte 34 of the main part 32 of a sensor, and the current of the positive direction flows to this solid 
electrolyte 34. On the other hand, when the transfer-switch circuit 44 is in the 2nd switch condition, DC power supply 
43 for negative bias carry out negative bias of the solid electrolyte 34, and the current of the negative direction flows to 
this solid electrolyte 34. 

[0032] The sensor current detector 45 detects the current which flows to the current which flows to the transfer-switch 
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circuit 44 from the atmospheric-air lateral electrode layer 37 of the main part 32 of a sensor, or its hard flow, i.e., the 
current which flows a solid electrolyte 34. Moreover, the heater control circuit 46 carries out duty control of the power 
supplied to a heater 33 from the battery power supply VB according to ****** and heater temperature of an oxygen 
sensor 26, and performs heating control of a heater 33. The current which flows at a heater 33 is detected by the current 
detection resistance 50. 

[0033] A/D converter 47 changes sensor current, the heater current, and the applied voltage of a heater 33 into a digital 
signal, and outputs them to a microcomputer 48. A microcomputer 48 is constituted by memory 48b which consists of 
CPU48a which performs various data processing, a ROM, and RAM, and controls the bias control circuit 41 and the 
heater control circuit 46 according to a predetermined computer program. The engine control section 49 inputs said 
various sensor signals as engine information, and detects an intake-air temperature, a depression at engine manifold, 
cooling water temperature, an engine speed, the vehicle speed, etc. And the fuel injection by the injector 6 is controlled 
based on such engine information. Moreover, according to the abnormality judging signal from a microcomputer 48, the 
alarm lamp is indicated by burning. In addition, the voltage impression means and the abnormality diagnostic means are 
constituted from this example by CPU48a in a microcomputer 48. 

[0034] Next, it explains to the content of the air-fuel ratio detection processing in this example, and the abnormality 
diagnostic process just. In addition, drawin g 4 is drawing showing various kinds of pathomorphism of an oxygen sensor 
26. Drawing 5 is a flow chart which shows the air-fuel ratio detection routine which is performed by CPU48a in ECU40 
and performs air-fuel ratio detection and an abnormality diagnosis of an oxygen sensor 26. 

[0035] First, the pathomorphism of an oxygen sensor 26 is explained using d rawin g 4 (a) - (c). In addition, the ultimate 
lines L2 of dr awin g 4 show the voltage-current property at the time of abnormalities. That is, drawing 4 (a) shows the 
abnormalities (i= 0) to which sensor current does not flow at all. Specifically at the time of an open circuit of the 
element crack of an oxygen sensor 26, wire harness, etc., the above-mentioned abnormalities occur. 
[0036] Moreover, drawin g 4 (b) shows abnormalities with the minute current value, although sensor current flows 
slightly. When the defective continuity of a connector who connects an oxygen sensor 26 electrically specifically 
occurs, the above-mentioned abnormalities occur. That is, when a connector is separating, for example or rust is 
generated in the flow section of a connector, flow resistance of a connector increases to abbreviation 100-200kohm 
(usually about lohm), and causes the above-mentioned situation. 

[0037] Furthermore, drawing 4 (c) shows the abnormalities to which current becomes minute only at the time of 
negative voltage impression. When atmospheric-air installation hole 39a (refer to drawin g 3 ) of the cap 39 attached in 
the oxygen sensor 26 has specifically been closed from dust, oil, etc., it becomes impossible to introduce atmospheric 
air to the atmospheric-air room 38 of this sensor 26, and the oxygen in this atmospheric-air room 38 runs short (it is 
short of oxygen). In this case, the oxygen ionic conduction in the solid electrolyte 34 of an oxygen sensor 26 is barred, 
negative current decreases, and the above-mentioned abnormalities are caused. 

[0038] Subsequently, the air-fuel ratio detection routine of drawing 5 is explained. Now, the routine of drawing 5 is 
started in connection with powering on to ECU40 accompanying ON actuation of an ignition switch 28, and CPU48a 
distinguishes whether predetermined time (for example, 1 - about several seconds) has passed since the abnormality 
diagnosis last at step 101 first. If negative distinction of step 101 is carried out at this time, CPU48a will progress to step 
102 and will carry out air-fuel ratio detection processing after it (steps 102-104). Moreover, if affirmation distinction of 
step 101 is carried out, CPU48a will progress to step 105 and will carry out the abnormality diagnostic process after it 
(steps 105-110). 

[0039] In detail, when negative distinction of step 101 is carried out, CPU48a sets up the applied voltage Va (refer to 
drawing 3 ) for detecting an air-fuel ratio at step 102, and impresses the voltage Va to an oxygen sensor 26. In this case, 
applied voltage Va may be a fixed value, or may be an adjustable value. When making applied voltage Va into an 
adjustable value, the applied voltage Va according to the limiting current value la (air-fuel ratio) at that time is set up on 
the setting-out line L3 using the applied-voltage setting-out line L3 shown in drawing 6 (Va=Z-Ia+Ve). however, 
inclination Z of the setting-out line L3 — the internal resistance of an element - about 1 - I do - the intercept Ve with 
V shaft - the limiting current region in an ideal air-fuel ratio (Ia=0mA) — it is mostly equivalent to a midpoint. 
[0040] And after Va impression, CPU48a detects the limiting current value la detected by the sensor current detector 45 
of drawing 2 at step 103, and asks for the air-fuel ratio corresponding to the limiting current value la at that time using 
the limiting current-air-fiiel ratio map of drawing 7 at continuing step 104. The detection result of this air-fuel ratio is 
sent to the engine control section 49 from a microcomputer 48, and the engine control section 49 performs feed back 
control of air-fuel ratio according to the air-fuel ratio at that time. Henceforth, CPU48a carries out repeat activation of 
steps 101-104 until affirmation distinction of step 101 is carried out. 

[0041] On the other hand, if affirmation distinction of step 101 is carried out, CPU48a will progress to step 105 and will 
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impress the negative applied voltage Vn as voltage for a diagnosis. On the voltage-current property shown in drawing 
3 , "Vn" is the voltage value (Vn<Vl) to which negative sensor current In surely flows, and is set as Vn=-0.2[bolt] by 
this example here. 

[0042] And after Vn impression, CPU48a detects the negative sensor current In detected by the sensor current detector 
45 of drawing 2 at step 106, and it distinguishes whether it is a value with the negative sensor current In concerned 
smaller than the predetermined abnormality decision value Inc (this example -5mA) at continuing step 107. If the 
abnormalities (abnormalities in an open circuit etc.) of the gestalt shown in (b) at this time (a), for example, above- 
mentioned drawing 4 , have occurred, it will become In**0[mA] and negative distinction of step 107 will be carried out 
(In>=Inc). That is, negative sensor current In serves as a current value of predetermined within the limits which contains 
"0" at least. In this case, CPU48a progresses to step 110 and outputs an abnormality judging signal to the engine control 
section 49. If it is In=0[mA] at this time, the information which specifies it as a thing with an open circuit or an element 
crack may be outputted. The engine control section 49 interrupts feed back control of air-fuel ratio while indicating the 
alarm lamp 29 by burning in response to the abnormality judging signal from CPU48a. 

[0043] Moreover, when affirmation distinction of step 107 is carried out (In<Inc), CPU48a progresses to step 108 and 
only predetermined time Ta (this example 100ms) stands by. And CPU48a distinguishes again whether it is a value with 
the negative sensor current In smaller than the predetermined abnormality decision value Inc (-5mA) at that time at step 
109 after standby of predetermined time Ta. In this case, if the oxygen sensor 26 is normal, negative sensor current will 
be smaller than the abnormality decision value Inc (In<Inc), and CPU48a will carry out affirmation distinction of step 
109, and will return to step 101 . Then, CPU48a carries out air-fuel ratio detection at steps 102-104 again. 
[0044] Moreover, if the oxygen sensor 26 is unusual in step 109, it will become In>=Inc, and CPU48a carries out 
negative distinction of step 109, and progresses to step 110. That is, when [ above-mentioned ] the abnormalities 
(abnormalities in an oxygen deficiency) of the gestalt shown in drawing 4 (c) occur Although negative current flows 
momentarily by the oxygen which remains in the atmospheric-air room 38 immediately after impressing the negative 
applied voltage Vn as shown in drawing 8 , if the oxygen is lost waiting [ predetermined time Ta ] The oxygen ionic 
conduction in the solid electrolyte 34 of an oxygen sensor 26 will be barred, and negative sensor current will hardly 
flow. In addition, the continuous line of drawing 8 shows actuation of positive always. Therefore, at the time of the 
above-mentioned abnormalities in an oxygen deficiency, after a normal judging is carried out at step 107, an 
abnormality judging is carried out at step 1 09. 

[0045] As explained in full detail above, since the voltage for a diagnosis (Vn) was set up in the voltage field in which 
negative current surely flows and the abnormality diagnosis was carried out according to the sensor current In 
accompanying the voltage impression, according to this example, an easy and exact abnormality diagnosis is realizable 
on the voltage-current property of an oxygen sensor 26. 

[0046] Although it was difficult to specify the abnormalities in an open circuit of an oxygen sensor since the 
conventional disclosure technology about a limiting current type oxygen sensor mainly paid its attention to the limiting 
current region (flat field of a voltage-current property) at this time, at this example, the abnormalities in an open circuit 
can be specified by paying one's attention to the field (about [ Actually the minimum of a limiting current region, a 
maximum* *0. 1 ] V) from which it separated from the limiting current region. At this time, the abnormalities to which 
only minute current, such as defective continuity of a connector, flows are also detectable. 

[0047] Moreover, if negative sensor current In is in predetermined within the limits containing "0", since the purport of 
abnormalities can be concluded regardless of the air-fuel ratio at that time, other check processings by CPU48a are not 
needed. That is, if it becomes sensor current =0[mA] when carrying out an abnormality diagnosis with sensor current, 
without specifying the force current at the time of an abnormality diagnosis, it can specify that it will not be because it is 
an ideal air- fuel ratio actually and that an open circuit is unusual even if it does not perform the above-mentioned 
processing with the above-mentioned configuration although the processing which distinguishes whether it is what is 
depended on the abnormalities in an open circuit is needed. Consequently, an exact abnormality diagnosis can be 
performed, without causing the operation load buildup by CPU48a (or engine control section 49). 
[0048] Moreover, while performing the abnormality diagnosis by negative sensor current In immediately after 
impression of the voltage for a diagnosis (Vn) as a feature of this example, in order to perform the abnormality 
diagnosis by negative sensor current In again after standby of predetermined time Ta, the abnormalities in an oxygen 
deficiency of an oxygen sensor 26 etc. can cope with it, also when the symptom of abnormalities appears in time 
difference. 

[0049] (The 2nd example) Only a point of difference with the 1st example is hereafter explained about the 2nd example. 

Drawing 9 is a flow chart which shows the air-fuel ratio detection routine in the 2nd example. 

[0050] In drawing 9 , steps 201-204 are the same as processing of steps 101-104 of drawing 5 , at the time, negative 
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distinction of step 201 is carried out, and air-fuel ratio detection processing is usually carried out. Moreover, an 
abnormality diagnostic process (steps 205-208) is carried out a predetermined diagnostic period (1 - several seconds). At 
this time, CPU48a impresses the positive applied voltage **** as voltage for a diagnosis at step 205. On the voltage- 
current property shown in drawing 10 , no matter "****" may be what air-fuel ratio, it is the voltage value (****>V2) to 
which positive sensor current Ip surely flows (voltage value of A2 field of drawing 10 ), and is set as ****=l .0[bolt] by 
this example here. 

[0051] And after **** impression, CPU48a detects sensor current Ip positive at step 206, and it distinguishes whether it 
is a value with the positive larger sensor current Ip concerned than the predetermined abnormality decision value Ipc 
(this example 1mA) at continuing step 207. At this time, if the oxygen sensor 26 is normal, positive sensor current Ip 
will serve as a bigger value than the abnormality decision value Ipc (Ip>Ipc), and CPU48a carries out affirmation 
distinction of step 207, and returns to step 201 . 

[0052] Moreover, if the abnormalities (abnormalities in an open circuit etc.) of the gestalt shown, for example in above- 
mentioned drawin g 4 (a) and (b) have occurred, it will become Ip**0[mA] and negative distinction of step 207 will be 
carried out (Ip<=Ipc). In this case, CPU48a progresses to step 208 and outputs an abnormality judging signal to the 
engine control section 49. The engine control section 49 interrupts Air Fuel Ratio Control while indicating the alarm 
lamp 29 by burning in response to the abnormality judging signal from CPU48a. 

[0053] Above, in the 2nd example, although the abnormality diagnosis was performed using the positive applied voltage 
**** as voltage for a diagnosis, an abnormality diagnosis can be performed to easy and accuracy like the 1st example of 
the above on a voltage-current property by using voltage for a diagnosis from which sensor current serves as a positive 
current value with any air-fuel ratios. 

[0054] In addition, this invention can be materialized with the following aspect other than the above-mentioned 
example. In the 1st example of the above, although negative applied voltage Vn as voltage for a diagnosis was made 
into "-0.2 volts" by the flow of drawin g 5 , of course, this may be changed. In this case, the range which can be changed 
should just be the voltage in Al field of drawing 3 (b). 

[0055] Moreover, in the 2nd example of the above, although positive applied voltage Vn as voltage for a diagnosis was 
made into "1 .0 volts" by the flow of drawing 9 , of course, this may be changed. In this case, the range which can be 
changed should just be the voltage in A2 field of drawing 3 (b). 

[0056] Moreover, in the voltage-current property of the oxygen sensor 26 of drawing 3 (b) mentioned above, the 
inclination of the ultimate lines LI in a resistance control region is equivalent to the internal resistance value of an 
element. Therefore, you may make it set up on a property the negative applied voltage Vn to which negative sensor 
current In surely flows, after calculating the intercept (VI) with V shaft of the straight line of a resistance control region 
from this internal resistance value and calculating this "VI" (Vn<Vl). 

[0057] Furthermore, when judging negative current at the time of an abnormality diagnosis, negative sensor current In 
distinguished whether it was a top [ mA / -5], in the above-mentioned example, when judging positive current, positive 
sensor current Ip distinguished whether it was under from 1mA, but all may be changed so that sensor current may only 
distinguish also to a case whether it is "0." 
[0058] 

[Effect of the Invention] According to invention according to claim 1, the outstanding effect that the abnormalities of a 
limiting current type oxygen sensor are easily detectable to accuracy is demonstrated. 

[0059] According to invention according to claim 2, the abnormalities in an open circuit of an oxygen sensor can be 
specified. According to invention according to claim 3, the abnormalities in which the symptom appears in time 
difference to the timing which impressed the voltage for a diagnosis are also detectable. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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